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. INTRODUCTION:

Blast related Traumatic Brain Injury (TBI) is an important source of morbidity in Operations Iraq
Freedom and Enduring Freedom (OIF/OEF). Mild TBI (MTBI) may go unrecognized and persist as
post-concussion syndrome (PCS). Given that available information is largely anecdotal, the
identification, characterization, and prediction of individuals who have PCS with persisting effects from
blast-related MTBI are the focus of this series of epidemiological investigations. Multiple hypotheses
are being tested including:
- a significant proportion (>18%) of service members experiencing blast events during OIF/OEF

sustain a MTBI that leads to persisting symptoms consistent with PCS;

multiple predictive factors for developing PCS can be identified;

returnees with PCS will display objective impairments on neuropsychological testing,

computerized posturography and/or quantitative electroencephalography; and,

those with PCS will demonstrate improvement over time but will continue to display significant

long-term disability.

A cross-sectional sample of 747 OIF/OEF returnees, who experienced a blast event on tour within the
past two years, will undergo three phases of evaluations as follows:
- Phase-I: will determine the sample prevalence of PCS after blast related MTBI, characterize the
constellation of related symptoms and problems, and allow predictive modeling.
Phase-II: will utilize a case-control design to evaluate objective abnormalities among the
subjects with PCS after MTBI.
Phase-lll is a longitudinal design using repeated measures for analysis of outcomes over time
(baseline, 6 months, and one year).

Il. BODY OF REPORT: Accomplishments relative to our Statement-of-Work
(SOW):

A. SOW Task 1 - Objective: prepare and initiate the overarching research study plan.

1. Obtain IRB approval for project [Research Assistants, Mr. Heimiller, Dr. Walker]:

Accomplished. All amendments, updated staff rosters, SAEs, and continuing reviews have been
submitted to primary and secondary IRBs as required and approved.

2. Establish Military site screening/recruitment options [ Dr. Walker & Research Assistants]:

Accomplished.

The CDMRP research team began the recruitment and screening process at Kenner Army
Health Clinic at Fort Lee on 6/19/2009. 9 subjects were recruited from Fort Lee.

We began recruiting at US Marine Corps Base (MCB), Quantico, Virginia on June 9, 2010). 11
subjects were recruited from this site.

Recruitment at MCB Camp Lejeune, NC commenced in April 2011. 91 subjects were recruited
from MCB CL.

3. Establish availability and content of acute injury (war-zone) variables. [Dr. Walker]

Accomplished.



4. Finalize Data collection forms including TELEforms. [Drs. McKinney, Cifu, Manning Franke &
Walker]

Accomplished.

5. Complete set-up of data management software system. [Mr. Bush]

Accomplished.

6. Establish logistics (when, where, workspace) for study screening and recruitment of military
personnel at Central Virginia PDHA clinic sites. [Dr. Cifu, Dr. Walker, Dr. Manning Franke &
Research Assistants]

Accomplished. Volume of eligible subjects identified at Kenner Army Health PDHRA clinics was
far below anticipated.

7. Hire and train study coordinator and other TBH study personnel. [Hiring: Mr. Heimiller, Dr.
Walker. Training: Drs. Nelson, Walker & McDonald]:

Accomplished.
CDMRP/Walker: Study Staff (Compensated) Summary

NAME & ROLE MONTH/YEAR HIRED

William C. Walker, MD,
Principal Investigator

September, 2008

David X. Cifu, MD

Co-Investigator September, 2008

September, 2008
(Departed program
Subaward Year-6)

Jessica McKinney-Ketchum, PhD,
Biostatistics

Brian J. Bush, MSMIT

Data Manager June, 2009

Adam Sima, PhD
Biostatistics

Subaward Year-6 (replaced
Dr Ketchum)

Huan Wang
Data Analyst

Subaward: Year-3

Michelle Nichols, MSN, RN, Co-
Investigator & Clinical Research
Coordinator

September, 2008.
(Departed program in March,
2012)

Jerome Heimiller, RPH, MPA,
Administrator

September, 2008.
(Departed program in Oct.,
2012)

Tiffany Clory, BS, Research
Assistant

November, 2008
(Departed Program: July, 2010)




January, 2009. (Departed

April Dean, BS, Research Assistant Program: Feb, 2013)

Tammy Searles, RN, Lead Research June, 2009
Assistant (Departed Program: Jan., 2009)

Scott McDonald, PhD., Research September, 2008

Psychologist

Emily Lynn, BA April, 2010. (Departed
Research Assistant program: July, 2012)
Jasmine Smith, BA June, 2010 (Departed
Research Assistant Program: Sept, 2011)
Judy Pulliam

Research Assistant June, 2012
Laura Manning Franke, PhD March, 2012

Co-Investigator

B. SOW Task 2 - Objective: Determine the prevalence of PCS after blast related MTBI in
OIF/OEF to better define the scope of residual injury and determine early factors
predictive of PCS after blast injury to aid the development of better secondary prevention
and treatment strategies. Timeline for all subtasks: Gradually accrue over 4 years 747
subjects total (50 subjects by end Year 1, 325 subjects by end Year 2, 600 subjects by
end Year 3, 747 subjects by end Year 4) into Phase-l. Responsible personnel: listed
below for each subtask [ ].

1. Consent & Enroll 747 Subjects Total. [Dr. Walker, Dr. Manning Franke, Research Assistants]

As previously reported we have closed the study for further enrollments. A total of 238 subjects
who met preliminary eligibility criteria consented for enroliment. After 22 subjects were either
determined to be ineligible or dropped out prior to completing Phase 1, the final sample size
was n=216. We have previously reported on the reasons enrollment was below target.

2. For each subject above, complete standardized current state questionnaires for qualitative
and quantitative measurement of: Post-concussion syndrome (PCS) using the Rivermead Post-
Concussion Symptoms Checklist (RPQ) (King, 1995), Combat Stress using the PTSD Checklist
Military Version (PCL-M) (Weathers et al, 1991), pain using both the McGill Pain Questionnaire
short form (MPQ-SF) (Melzak, 1987) and the 11 point Numerical Scale (Jensen MP et al, 1989),
and affective disorder using the Center for Epidemiological Studies Depression Scale (CES-D)
(Radloff, 1977). The ICD-10 criteria for PCS will be used to categorize the cases with PCS for
the prevalence numerator, subjects with PCS after OIF/OEF blast exposure Injury (Boake,
2005; WHO, 1992; WHO, 1993). The International Classification of Diseases is published by the
World Health Organization (WHO). The ICD-10 criteria for PCS are 1) a history of MTBI and 2)
a minimum of 3 of following symptoms (present to a moderate degree compared to pre-morbid):
headache, dizziness, fatigue, irritability, insomnia, poor concentration, memory problems, or
intolerance of stress, emotion, or alcohol. The RPQ is being utilized to standardize this
diagnostic assessment. [Oversight: Research Coordinator, Dr Walker and Dr Cifu. Scheduling:
Research Assistants. Monitoring and facilitation of subject form completion: Research
Assistants]




Accomplished on 216 subjects.

3. For each subiject, collect blast injury and individual characteristics data including: dazed,
memory gap (injury, pre-injury, and post-injury), lost consciousness, stress, pain, helmet
wearing, shrapnel injury, tympanic membrane rupture, hearing loss, type of blast, immediate
blast effects, number of blast exposures, demographic, education level, psychiatric history,
medical history, and time since injury. These variables will be collected using a series of
questionnaires including: Full Blast Questionnaire (modified version of Walter Reed Blast
Inventory (Scherer et al, 2007), see Protocol), a Health History Questionnaire (see Protocol),
the recalled immediate psychological stress of the blast event using the Impact of Events Scale
(IES) (Horowitz et al, 1979), the recalled physical pain level of the blast event using the 11 point
Numerical Scale and the Alcohol Use Disorders Test-Consumption (AUDIT-C), a brief screening
tool for heavy drinking and/or active alcohol abuse/dependency (Bradley et.al., 2007).
[Oversight: Dr Walker and Dr Cifu. Scheduling: Research Assistants. Monitoring and facilitation
of subject form completion: Research Assistants]

Accomplished on 216 subjects.

4. For each subject, the study biostatistician will designate a group assignment (with PCS
versus without PCS) using a predetermined threshold of MTBI symptom severity (ICD-10
diagnostic criteria applied to the RPQ data) in order to derive prevalence of PCS and to select
subjects for Task 3 [Dr. McKinney]

Accomplished on 216 subjects.

5. Study biostatistician will provide interval (monthly) updates of the ratio of PCS to no PCS
group membership to the Pl for the purpose of monitoring accrual targets and trends, but will
otherwise will not reveal assignment to either subject or study staff (double blind). [Dr Sima]

Accomplished on 216 subjects.

6. Perform data audits after first subject completed Phase 1 and on 5% of accrual target (37
subjects) on a monthly basis. [Dr. McKinney-Ketchum]

Accomplished on 216 subjects.

7. Using a case-control design (PCS versus no PCS) and adjusting for PTSD, several statistical
analyses will be performed including two-way analysis of variance (ANOVA) (to compare
guantitative variables), chi-square tests (to compare proportions of qualitative variables, and a
multiple logistic regression model (to determine the predictive nature of these variables as a
group). PTSD will be measured as a continuous variable using the PTSD Checklist — Military
Version (PCL-M) total score. These analyses will determine factors associated with (or
predictive of) developing PCS after blast related MTBI. [Statistics: Dr. Sima. Interpretation: all
key investigators]

We operationally defined PCS as at least 3 symptoms endorsed on the RPQ at a “moderate” or
“severe” problem level (item score of 3 or 4) that was not isolated to the emotional domain (at
least 1 positive symptom is in somatic or cognitive domain). Within the entire cohort regardless
of whether or not a blast mTBI was identified, 166 participants (77%) had symptoms consistent
with PCS. Among the 176 participants (81%) diagnosed with having sustained a blast mTBI,
140 participants (80%) had symptoms consistent with PCS. Comparatively, the proportion of
participants who did not sustain blast mTBI and had symptoms consistent with PCS was smaller
(26 out of 40 or 65%; P=0.049).



The constellation of PCS-like symptoms after military blast exposure appears to be more
complex than experienced by civilians. Already published data analyses from this study already
show that the PCS symptom complex as measured by the Rivermead Postconcussion
Questionnaire (RPQ) consists of four factors rather than the traditional three factors (somatic,
cognitive, emotional).(Franke, Czarnota, Ketchum, & Walker, 2014) In our blast-exposed
cohort, the somatic factor split between visual and vestibular factors suggesting a unique
condition or PCS subtype(s).

In terms of predicting PCS, the role of blast mTBI remains in doubt. Analyses we completed
before completion of enrollment and implementation of our structured interview indicated that
alteration of consciousness (AOC) questionnaire items were associated with PCS symptom
severity; suggesting a link with mTBI. This information can be found in a published manuscript
in the appendix of this report (W. Walker, McDonald, Ketchum, Nichols, & Cifu, 2012).
Subsequent analyses using a refined structured interview based TBI diagnosis on a subset of
participants contradicted this finding. In two separate analyses that are part of pending
publications found in the Appendix, we found no difference in PCS symptom severity across
mTBI groups (Franke et al., 2014; W. C. Walker, Cifu, & et, IN PRESS). However, more
complete analysis of the full sample with their finalized blast mTBI diagnosis again suggests a
link between blast mTBI diagnosis and PCS symptom severity (see above chi-square test; see
Supporting Data section of report VIII B Tables 2 and 3 and as well as VIII F Table 6 “Average”
column). There are several possible explanations for these discrepancies including type 2 error
in the limited interview dataset. Alternatively, the algorithm used to extrapolate mTBI diagnosis
from questionnaire items for the half of the sample that was not interviewed may be biased
toward symptomatic participants. Further study is recommended with a larger sample all of
whom are interviewed to establish their mTBI diagnoses.

Our analyses show mixed findings on the relationship between PCS symptoms and other
variables. Another published manuscript from this study found in the Appendix shows that select
PCS symptoms (vestibular and visual) are related to balance decrements on computerized
posturography (Franke et al., 2014). In one of our IN PRESS publications from this study we
showed that PCS symptoms are higher in persons with a PTSD diagnosis established on
interview (W. C. Walker, McDonald, & Franke, IN PRESS). PCS symptom severity was also
related to depression and PTSD symptom severity (see also supporting data section VIII F
Table 6, “Averaged” column). However subsequent analyses did not show an association
between PCS and mood or anxiety diagnoses based on DSM-IV structured interview; these
results will be submitted for publication as part of a manuscript under preparation. Thus, this link
between PCS and other mental health disorders is more likely an artifact of symptom overlap
between conditions. Lastly, recent analyses showed that PCS symptom severity is not related to
impairment on neuropsychological testing. These results will also be submitted for publication
as part of another manuscript under preparation

In summary, PCS symptoms after military blast exposure are highly prevalent and differ in factor
structure from civilian samples with somatic symptoms splitting into visual and vestibular factors.
There appears to be at least in part an organic basis to some PCS symptoms with an
association found between worse vestibular symptoms and lower postural stability. On the other
hand, PCS cognitive symptoms did not predict cognitive performance. Although we found
contradictory results on the relationship between mTBI and PCS symptom severity, PTSD is
clearly associated with worse PCS symptom severity. Other mood and anxiety disorders do not
appear to be strongly linked to PCS.

C. Task 3 - Objective: Identify and describe objective cognitive performance and neuro-
physical impairments in returnees with PCS after blast-related MTBI incurred during
OIF/OEF (Study Phase 2). Timeline: Gradual accrual into Phase 2 of minimum of 284 total
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subjects over 4 years (30 subjects by end Year 1, 125 subjects by end Year 2, 225
subjects by end Year 3, 284 subjects by end Year 4). Responsible personnel: listed below
for each subtask [ ].

1.

At least monthly, groups of subjects who completed Phase-| (Task 2 above), will be
assigned to enter Phase-Il evaluations as follows: With PCS (all), Without PCS (equal
number to “With PCS” who are selected using described randomization scheme). [Research
Assistants & Dr. Walker]

Accomplished on 216 subjects.

Study biostatistician will provide the study coordinator with a list (at least monthly) of de-
identified subjects who are assigned for Phase-I evaluations, but will NOT reveal group
assignment (With PCS versus Without PCS) to study staff or subject (i.e. to minimize bias of
objective evaluations during Phase 2, double blinding of group assignment will be
maintained). [Dr. Ketchum and Sima]

Accomplished on 216 subjects.

For each Phase-ll subject, conduct objective evaluations and collect data including full
neuropsychological batteries (cognitive performance and fine motor assessment),
quantitative electroencephalography (neurophysiologic cognitive assessment), and
computerized posturography (balance impairment assessment). CPT will consist of The
Sensory Organization Test (SOT), a composite index that defines abnormalities across
somatosensory, visual, and vestibular systems. QEEG recordings will consist of baseline 10
minute eyes closed and a 10 minute eyes open resting period. There are multiple normative
databases for comparison of individual electrocortical activity. The “life-span” database
included with the Neuroguide® EEG analysis software consists of 625 records from normal
individuals ranging in age from 2 months to 89 years. Neuroguide® also includes a
discriminant function analysis to calculate the probability that a person has sustained a TBI
based on their eyes closed resting baseline recording alone. In the initial validation study, a
sensitivity of 95.45% and a specificity of 97.44% were reported for classification accuracy in
comparison to normals. This discriminant function was developed based on the work of
Thatcher and others with the Defense and Veterans Head Injury Program (DVHIP) in the
1990’s and used a sample of veterans from what have become the lead Polytrauma centers
within the Veterans Affairs health care system (Palo Alto, CA, Minneapolis, MN, Richmond,
VA, and Tampa, FL). Thus, it is an appropriate comparison group for our purposes. The
neuropsychological battery will consist of the following standardized, validated, tests of
proven reliability: Wechsler Test of Adult Reading (WTAR, pre-morbid IQ estimate),(Mathias,
Bowden, Bigler, & Rosenfeld, 2007) Conners Continuous Performance Test-ll (CCPT-I|,
sustained attention),(Conners, 2000) Paced Auditory Serial Addition Test (PASAT,
processing speed),(Vanderploeg, Curtiss, & Belanger, 2005) Halsted-Reitan Trail Making
Test A & B (TMT, visual scanning and executive function),(Lange, Iverson, Zakrzewski,
Ethel-King, & Franzen, 2005) Stroop classic test (target processing speed and divided
attention),(Soeda et al., 2005) Grooved Pegboard to asses fine motor speed and dexterity
(Hanna-Pladdy, Mendoza, Apostolos, & Heilman, 2002), Test of Memory Malingering
(TOMM) (Tombaugh, 1997) California Verbal Learning Test-1l (CVLT-II) (learning and
working memory),(Vanderploeg et al., 2005) Wechsler Adult Intelligence Scale Il (WAIS-III)
items: Digit Symbol Coding, Digit Span, Letter-Number Sequencing, Symbol Search, &
Arithmetic (processing speed, attention, and working memory),(McKay, Casey, Wertheimer,
& Fichtenberg, 2007) Delis-Kaplan Executive Function System (D-KEFS) Category Fluency
(Animals And Boys’ Names) (Harrison, Buxton, Husain, & Wise, 2000):Controlled Oral Word
Association Test single letter and category items (COWAT, verbal fluency),(lverson,
Franzen, & Lovell, 1999) Benton Visual Memory Test-Revised (BVMT-R) (visual perception
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and memory).(Morey, Cilo, Berry, & Cusick, 2003) [Test scheduling: Research Assistants;
Neuropsychological testing: Trained Research Assistants, , & Drs. McDonald and Manning
Franke. QEEG testing: research assistants.]

Accomplished on the 177 subjects who have completed Phase-Il. [Note: 8 subjects had a
contraindication for computer posturography and 2 subjects were unable to tolerate the
entire computer posturography test. 3 subjects refused or did not comply with
neuropsychological testing.]

Use this data to perform and fit several two-way ANOVA models with main effects for PCS
(present/absent) and cognitive or neurological impairment (present/absent). A separate
model will be fit for each response variable. [Statistics: Dr. Sima. Interpretation: all key
investigators]

4a. Cognitive impairment analyses.

These results will be submitted for publication as part of a manuscript under preparation. A
synopsis of the findings follows:

For the 174 subjects noted in Task 3.4 who completed neuropsychological testing, 18
subjects failed the effort validity measure and were removed from most analyses involing
neuropscyhological test results. Given the multitude of tests and subtests, primary measures
were identified apriori for each neurocognitive domain of interest (e.g. sustained visual
attention, delayed verbal memory, working memory, etc). The profiles on these primary
measures for the final sample of 156 subjects with valid test results showed multiple
abnormalities. Among the primary measures, the PASAT (Mean= -1.29, SD= 1.35), CVLT-II
(Mean= -0.56, SD= 1.16), BVMT-R (Mean= -0.24, SD= 1.19), CPT-Il (Mean= -0.26, SD=
0.81), Trail-Making Tests B (Mean= -1.34, SD= 1.91) and Grooved Pegboard Test (Mean= -
0.51, SD= 1.37) each had lower values than the normative population (P<0.05) (see Figure
1 in Supporting Data section VIII C of this report for graphical represenation of this data).
Conversely, participants in this sample had higher WTAR than the normitive population
(Mean= 0.14, SD= 0.82; P<0.05) indicating that the deficts were not due to lower premorbid
intellect. Furthermore, the PASAT (40%), Trails B (33%), CVLT-Il, and BVMT-R (15%,
each), Stroop Color-Word Interference trial (9%) and Grooved Pegboard (13%) had higher
than expected incidence of participants considered impaired based on the lowest 5"
percentile of the normative population. Thirty participants (19% of the sample) demonstrated
overall cognitive impairment, defined as impairment on three or more of the individual
primary measures. For reference, the expected normative base rate for three or more
impaired scores on the primary measures from this test battery is 4.03%.

Regarding the hypothesized association between PCS and cognitive impairment, we found
that participants classified as overall impaired did not differ on their total RPQ score
(p<0.05). This finding is consistent with our already published manuscript showing that the
RPQ cognitive factor score is not related to cognitive performance (Franke et al., 2014).
Importantly, we did however find differences in the likelihood of overall cognitive impairment
between the different blast mTBI grade groups (p-value =0.033). The relative risk of having
scores that imply cognitive impairment is 2.59 (95% CI: 0.98, 6.85; P= 0.054) when
comparing the mTBI with PTA group to the mTBI without PTA group; and 3.01 (95% CI:
0.90, 10.1; p-value = 0.074) when comparing the mTBI with PTA group to to the group who
did not sustain blast mTBI. There was no significant difference in relative risk for the mTBI
without PTA group compared to the group who did not sustain blast mTBI (RR= 1.16 ; 95%
Cl: 0.28, 4.85; p-value= 0.840). Additionally, analysis of individual primary neuropsycholgical
scores showed significant differences between the blast-related mTBI groups for the CVLT-
Il (p-value= 0.048). Post-hoc testing showed that participants who had mTBI with PTA
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(Mean=-0.75, SD-1.19) had significantly lower CVLT-Il scores than those who did not
sustain mTBI (Mean= -0.16, SD-1.16) (p-value= 0.015). No differences were observed
between the mTBI without PTA group (Mean= -0.51, SD= 1.07) and either the mTBI with
PTA group (p-value= 0.1813) or no mTBI group (p-value= 0.264).

In summary, although PCS symptoms were not predictive of cognitive performance, having
sustained blast mTBI with PTA is associated with increased odds of having overall cognitive
impairment and with lower auditory memory performance. This suggests that higher grade
mTBI (with PTA) significantly increases the risk of residual cognitive impairment after military
blast exposure. The lack of association with cognitive symptoms implies that all individuals
s/p blast mTBI with PTA should undergo comprehensive neuropscyhological testing to
assess for potential deficits and treatment needs.

4b. Postural Stability.

As detailed in our recently published manuscript found in the Appendix,(Franke et al., 2014)
more severe vestibular and visual symptoms (RPQ factors scores) were associated with
lower performance on computerized dynamic posturography (CDP). Thus, unlike cognitive
symptoms where we found no link to cognitive performance, there appears to be an organic
basis for at least some of the symptom domains of PCS.

We also recently completed analysis of the influence of blast mTBI and PTSD diagnoses on
postural stability and a manuscript has just been submitted for publication (see Appendix for
full manuscript; two figures (figure 2 & 3) from the manuscript are also shown in the
Supplemenal Data section VIII D). A synopsis of this data follows in the next paragraph.

Data were analyzed from a subject pool of 166 participants who completed CDP testing and
had valid balance performance effort measures. Using nonparametric tests and measures of
impairment, we found that balance was deficient in participants diagnosed with blast mTBI
with posttraumatic amnesia (PTA) or PTSD versus those with neither, and that deficits were
amplified for participants with both diagnoses. In addition, unique CDP deficiencies were
found for individuals having isolated blast mTBI with PTA and isolated PTSD.

Thus, computerized balance assessment appears to offer an objective technique to examine
the physiologic effects and provide differentiation between participants with blast-related
mTBIl and PTSD.

Determine the sensitivity and specificity for detecting neurophysiologic abnormalities after
MTBI from blast injury during OIF/OEF using QEEG with the goal of assessing the accuracy
of detection of mild TBI using a purely neuro-physical method of measurement. [Statistics:
Dr. Sima. Interpretation: all key investigators]

Resting state EEGs were collected from 176 participants. After reviewing for recording
quality and validity (e.g. no deep sleep), 147 recordings were retained for analysis. Power
profile was chosen as the outcome variable because it has been shown to differentiate
states of awareness after severe brain injury (e.g. minimally conscious state vs. locked in
state). Absolute power was computed from the EEG in each of 5 frequency bands: delta,
theta, alpha, beta, and gamma. Band power across these bands was log transformed and
analyzed as a multivariate power profile at each of 13 electrode sites.

Results: There was an effect of age on power profile: generally, the youngest and oldest
participants had higher power in lower frequencies (U shaped function of age). Next, effects
of PTSD and mTBI (none, TBI without post-traumatic amnesia (PTA), TBI with PTA) were
computed on power profile while covarying age. Multivariate effects of both mTBI and PTSD

11



were generally significant across recording sites, i.e. both conditions are associated with the
resting state EEG power. Univariate effects showed that regardless of PTSD status, mTBI
increases power in lower frequencies (delta, theta). This effect was linear for TBI
severity; i.e. low frequency power was highest for mTBI with PTA, next highest for mTBI
without PTA and lowest for no mTBI. Conversely, regardless of mTBI status, PTSD
reduced power in the lower frequencies. The pattern for the comorbid mTBI and PTSD
group also supported opposing neurophysiological effects for mTBI and PTSD. The
comorbid group fell in between the single morbidity groups, with higher delta and theta
power than those having neither condition or having PTSD alone, but less than those having
mTBI with PTA alone. These results are shown graphically in the Supporting Data section of
this report (VIII E; Figures 4, 5, & 6).

In general, these results suggest that chronic blast mTBI and PTSD have qualitatively
different effects on the brain’s resting state. Further, these effects appear to be opposed to
each other, with mTBI increasing slow activity and PTSD decreasing it. Small sample sizes
in some cells (especially PTSD only) limit the ability to interpret interactions.

Determine the feasibility of a functional magnetic resonance and diffusion tensor imaging
pilot descriptive study (anatomic/physiologic assessment) in a subset of cases and controls.
[Dr. Walker]

Due to local shortage of radiology personnel, we canceled plans for this imaging pilot.

D. Task 4 - Objective: Assess the sensitivity and specificity within this sample of select
key diagnostic questionnaires used in Phase 1 relative to “gold standard” structured
interviews.

1.

Structured interviews will be added to Phase-Il measures for: Major Mental Health disorders
(Major Depressive Disorder, Bipolar Disorder, Panic Disorder w/ w/o Agoraphobia Social
Anxiety Disorder, Specific Phobia, Obsessive-Compulsive Disorder, Generalized Anxiety
Disorder, and Psychotic Disorders) using the Mini-International Neuropsychiatric Interview
(MIND) (Sheehan et al., 1998); PTSD using the Clinician-Administered PTSD Scale (CAPS;
Blake et al., 1995); mild blast related TBI using an instrument newly developed for this study
loosely based on existing interviews used in acute rehabilitation settings (e.g., Gioia et al.,
2008). [Dr. McDonald, Dr. Cifu, Brian Bush, and Dr. Walker]

Accomplished.

Collect these interview measures in the subsequent approximately 200 subjects entering
Phase 2. [Dr. McDonald, Dr. Walker, Trained Research Assistants]

Phase-Il activity (see D1 above). Structured interviews commenced in Year-Two and we
completed them on 106 subjects.

Analyze findings and implications for the primary analyses described in Tasks
2 and 3. [Dr. Sima, Dr Walker, and all investigators]

3a. Blast mTBI structured interview.

Based on earlier analyses (full published manuscript in Appendix) showing inconsistencies
among the TBI items of our questionnaire (W. Walker et al., 2012), we determined that a
structured interview for blast mTBI should be developed and tested. After developing,
implementing and collecting data with this new instrument, we found that inter-rater reliability
of mTBI diagnosis interpretation was below desired. Therefore we developed an algorithm
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from the fully structured portion of the interview to match the physician majority rating. In a
second smaller sample we showed almost perfect agreement between the algorithm and
physician majority rating. Detailed information on interview development and reliability can
be found in the accepted manuscript in the Appendix (W. C. Walker et al., IN PRESS).

After the above-noted successful preliminary validation of our novel interview algorithm, we
remained concern over the validity of using the questionnaire items to determine mTBI
status among the non-interviewed participants who constituted about one half of the sample.
Using questionnaire item responses from the 106 interviewed participants, different
questionnaire algorithm combinations were trialed with the goal of maximizing agreement
between it and the gold-standard interview diagnosis. An algorithm was identified from the
alteration of consciousness items of the questionnaire that gave the peak kappa (k = 0.59,
91% correctly classified) versus the interview diagnosis. Using this algorithm we then
extrapolated the mTBI diagnoses for the non-interviewed participants so that the entire
dataset could be analyzed with respect to blast mTBI diagnosis. Further, based on our
clinical experience and supportive data from athletic mTBI literature, we assumed that those
having mTBI with PTA were of a more severe grade and would be most likely to experience
long-term impairment. So using interview and BESQ data, we also categorized the
participants having blast mTBI as either with PTA or without PTA.

3b. PTSD structured interview.

In a previously noted and recently accepted manuscript found in the Appendix, we assessed
the diagnostic accuracy of the PCL questionnaire in relation to PTSD diagnosis from
structured interview (W. C. Walker et al., IN PRESS). We found that PCL >= 58 best
defined a PTSD diagnosis because this cut-point gave the peak kappa value (k= 0.54, 81%
correct classification rate) versus the structured interview among the 107 interviewed
participants. This cut-point is higher than conventional and is indicative of a large amount of
post-deployment stress symptoms in this population even in the absence of clinical PTSD.
Using this cut-point, we were able to make valid PTSD diagnosis classifications for the non-
interviewed participants.

4c. Other mood and anxiety disorder diagnoses.

Analyses of this data were just completed and are contained in a nearly completed
manuscript that will be submitted for publication shortly. A brief synopsis follows:

Overall, over half (N=55, 51%) of the participants had an active anxiety disorder and 33
participants (31%) had a mood disorder at the time of DSM |V interview. Fifteen percent
(N=15) of the participants were diagnosed with bipolar disorder at the time of the interview
and an additional 11 (10%) had depression. Of the anxiety disorders, participants were most
likely to have PTSD (N=29, 2%) and agoraphobia (N=19, 18%) at the time of interview.

Neither the blast mTBI category (P=0.747) nor the number of blasts (0.880) were found to
be significantly related to the occurrence of a mood disorder. For anxiety disorders, there
was an association with the number of blasts experienced by the participant (P=0.003), but
there was not an association with blast mTBI category. Specifically, having 5 or more blast
experiences resulted in 5.25 (95% CI: 2.00, 13.8) times increase in the odds of being
diagnosed with an anxiety disorder. No other pairwise differences were significant at the
0.05 level.

E. Task 5: Determine the trajectory of symptoms and social/vocational functioning in PCS
after blast related MTBI (Study Phase-lll). Timeline: Gradual accrual into Phase 2 of 225
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total subjects over 4 years (25 subjects by end Year 1, 125 subjects by end Year 2, 225
subjects by end Year 3). Responsible personnel: listed below for each subtask [ ].

1. On over 232 returnees (consecutive Phase-I| enrollments described in Task 1 & 2), collect
follow-up longitudinal data (6 months, and one year) on phase-| current-state measures,
AND collect complete longitudinal outcome data (6 months and one year) using
standardized and validated TBI specific outcome measures including: Extended Glasgow
Outcome Scale (GOS-E) (Wilson et al, 1998) (global outcome), Mayo-Portland Adaptability
Inventory-4 (MPAI-4)(Malec, 2004) (ability, participation, adjustment), and the Satisfaction
With Life Scale (SWLS) (Diener et al, 1985) (quality of life). [scheduling: Research
Assistants. Telephonic or in-person data collection: Research Assistants]

We completed 6-month evaluations on 147 participants and 12-month evaluations on 155
participants.

2. Describe the trajectory of symptoms and social/vocational functioning among returnees with
PCS after blast-related MTBI. [Analysis by all key investigators]

Symptom and outcome variables were assessed longitudinally using a linear mixed-effect
model. Symptom measures included PTSD (PCL), depression (CESD), post-concussive
(RPQ), and pain (McGill). Outcome measures included global (GOSE), life satisfaction
(SWLS), and social/occupational participation (Mayo). The results are displayed in Tables 4
& 5 of the supporting data section VIII F. None of the variables demonstrated any significant
change at 6 or 12 months compared to initial assessment (P>0.05). The mean GOSE of 6.4
at both time points corresponds to between moderate disability upper (6) and good recovery
lower (7). The cohort’'s MPAI-4 participation index scores were mainly in the “mild limitation”
range (T-scores between 30 and 40) when compared to a national database of
predominantly moderate-severe TBI patients.

3. Conduct statistical analysis using repeated measures mixed-models for analysis of
outcomes over time (baseline, 6 months, and one year). [Statistics: Dr Sima, Interpretation:
All key investigators]

Statistical analysis of the Rivermead post-concussive syndrome questionnaire (RPQ) was
undertaken to determine if changes from baseline were able to be predicted from any blast
related characteristics using separate repeated measures mixed model for each
characteristic. The RPQ is a score in the range [0,64] with higher values indicating worse
symptoms. The results are displayed in supporting data section VIII F, Table 6. None of the
included factors was predictive of change in RPQ over time (P>0.05, “Change” column of
Table 6). However, several of these characteristics are related to the RPQ scores averaged
across time (P<0.05, “combined” column of Table 6). Specifically, participants with PTSD
diagnosed or moderate-severe depression symptoms had worse RPQ scores than those
that had no PTSD or none-mild depression symptoms respectively. Participants with either 2
or more blasts mTBIs had worse RPQ scores than those that did not have any blast mTBI or
just 1 blast mTBI. No other blast characteristics were significantly related to the RPQ
scores.

F. Task 6 — Objective: Disseminate Findings:

1. Disseminate results via publication in peer reviewed journals. [All key investigators
coordinated/led by Dr. Walker]

a. Publications (print or electronic ahead of print) in peer-reviewed journals to date:
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Stratton KJ, Clark SL, Hawn SE, Amstadter AB, Cifu DX, Walker WC. Longitudinal
Interactions Of Pain Symptoms And Posttraumatic Stress Disorder In U.S. Military
Service Members Following Blast Exposure. J Pain.2014 Jul 16. [Epub ahead of print]
Franke LM, Czarnota, J.N, Ketchum JM, Walker WC. Factor Analysis of persistent
postconcussive symptoms within a military sample with blast exposure. J Head Trauma
Rehabil. 2014 May 6. [Epub ahead of print]

Walker, W., Nichols, M., McDonald, S., Ketchum, J., & Cifu, D. The identification of
transient altered consciousness induced by military related blast exposure and it's
relation to post-concussion syndrome. J Head Trauma Rehabil. 2013 Jan;28(1):68-76.

b. In-Press publications (accepted in peer-reviewed journal, publication pending):

Walker WC, Cifu DX, Hudak A, Goldberg G, Kunz R, Sima A. Diagnosis of Mild
Traumatic Brain Injury after military blast: physician agreement and validity of novel
structured interview. Accepted in: J Neurotrauma.

Walker WC, McDonald SD, Franke LM. Ketchum The diagnostic accuracy of the PTSD
Checklist in blast-exposed military personnel. ACCEPTED in: J Rehabil Res & Devel
Rehabil.

Stratton KJ, Hawn SE, Amstadter AB, Cifu DX, Walker WC. Correlates of Chronic Pain
Among Iragi and Afghanistan Military Personnel following Combat-related Blast
Exposure. Accepted in: J Rehabil Res & Devel Rehabil.

c. Submitted for publication in peer-reviewed journal:

Wares JR, Hoke K, Walker WC, Franke LM, Cifu DX, Carne W, Ford-Smith C.
Characterizing the effects of mTBI and PTSD on balance in blast-exposed Service
Members and Veterans using computerized posturography. Submitted to J Head
Trauma Rehabil.

2. Present at professional meetings to reach the variety of practitioners treating TBI and blast
injured patients [All key investigators coordinated/led by Dr. Walker].

National Presentations to date: (accomplishments this reporting quarter in bold)

Oral Symposium presentation, Military Health Research Forum, Kansas City, MI, Sept 1,
2009.

Poster presentation, Military Health Research Forum, Kansas City, MI, Sept 2, 2009.
Kelly, N.R., McDonald, S., Sima, J.M., Nichols, M., & Walker, W. (2011, June 13-15).
Balance and cognitive functioning: Associations following blast exposure. Poster
presented at the 3™ Federal TBI Interagency Conference in Washington, D.C.

Walker WC, Nichols M, McDonald S, Cifu DX, Sima, J. The identification of transient
altered consciousness induced by military related blast exposure and it’s relation to post-
concussion syndrome. Amer Academy Phys Med Rehabil Annual Assembly, November
2011, Orlando, FL. (Poster Hall presentation plus separate Oral Platform session
presentation for “Neurologic Best Research Presentations” awardees)

Franke LM, Sima JM, Walker WC. Factor Analysis of the Rivermead Postconcussion
Questionnaire Following Blast Exposure. Poster presentation at American Congress of
Rehabilitation Medicine and American Society of Neurorehabilitation (ACRM-ASNR)
Annual Conference, Oct 9-13, 2012, Vancouver BC, Canada.

Hawn S., Kelcey J. Stratton, Clark SL, Amstadter AB, Cifu DX, Walker WC. Longitudinal
Trajectories Of Pain Symptoms And Posttraumatic Stress Disorder In US Military
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Service Members Following Combat Exposure. VCU Annual Pain Management & Spine
Symposium 2013.

Walker WC, McDonald SD, Franke LM, Lewis TL. The diagnostic accuracy of the
Posttraumatic Stress Disorder Checklist in blast-exposed military personnel. Accepted to
present at National Capital Area TBI Research Symposium, March 3-4, Bethesda, MD
(note: scheduled for March 3 but Symposium cancelled for this day due to inclement
weather).

Walker WC, Sima A, Cifu DX, et al. Structured interview for Mild TBI after military blast:
interrater agreement and development of diagnostic algorithm. Accepted for poster
presentation at American Congress of Rehabilitation Medicine (ACRM) 91° Annual
Conference, Oct 7-11, 2014, Toronto, ON, Canada.

lll. KEY RESEARCH ACCOMPLISHMENTS:

See previous task (Task 6) for publications and presentations accomplished to date.

Developed structured interview for the post-acute detection/diagnosis of mild TBI.

IV. REPORTABLE OUTCOMES:

See llIF, Task 6, dissemination.

V. CONCLUSION:

This study provides important descriptive information on post-acute outcomes after military blast
exposure during OEF/OIF/OND deployment. Symptom severity including PCS, pain, and
depression are generally high in this population partly due to a high prevalence of PTSD. PCS
symptom severity is probably influenced by blast mTBI but further study is needed to
substantiate this link. Unfortunately, symptoms present at around one year after exposure do
not dissipate over the ensuing year; suggesting additional treatments are needed. For many,
global outcome and social-occupational functioning is in the range expected for more severe
brain injuries. We found evidence of cognitive and postural impairments that appear to be viable
treatment targets. Those having sustained blast mTBI with PTA are especially to cognitive and
postural deficits. Alterations on QEEG power spectrum were also associated with blast mTBI
grade. Thus, we found evidence for converging physiologic and performance data suggesting
residual persisting effects of blast mTBI.
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Vill. SUPPORTING DATA
A. Participant Demographics

Table 1. Demographic Summary Sheet (n=216)

Variable Mean SD  Range
Age, years 274 76 19-60
Percent
Sex
Male 96.8
Female 3.2
Marital Status
Married 47.2
Divorced 8.3
Single 44 4
Race
Caucasian 78.2
African American 15.3
Other' 6.5
Ethnicity
Hispanic 10.2
Non-Hispanic 89.8
Highest Level of Education
Non-High School 0.9
High School Graduate 50.9
Some College 35.2
College Graduate 11.6
Post-Graduate Degree 1.4
Prior Deployment Status
Active Duty 76.4
Selective Reserves — National Guard 13.9
Select Reserves — Reserves 6.5
Ready Reserves 1.9
Civilian Government Employee 0.9
Other (Contractor) 0.5

! Other Race includes: 1 Black/White, 6 Hispanic, 3 Latino, 1 Latino/White, 1 Native American,
1 Native American/Black, 1 White/Asian.

VIII B. Supplemental analyses on relationship between exposure variables and post-
concussion syndrome (PCS)

We analyzed the relationship between PCS and several injury variables and the results are
displayed in Table 2. Having symptoms consistent with PCS was associated with a greater
number of Blast mTBls as well as having PTSD. There was a trend toward an association
between blast mTBI grade and PCS. There was no relationship between self-reported non-blast
head injuries or month since worst or most recent blast experience.
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Table 2. Relationship between exposure variables and Post-Concussion Syndrome

PCS
Measure Level Yes No p-value
Worst Blast mTBI High Grade 88 (81%) 20 (20%) 0.1073
mTBlI
Low Grade mTBI 52 (76%) 16 (24%)
No mTBI 26 (65%) 14 (35%)
Number of Blast mTBI 0 26 (65%) 14 (35%) 0.0070
1 70 (72%) 27 (28%)
2 44 (94%) 3 (6%)
3+ 26 (81%) 6 (19%)
PTSD Yes 57 (93%) 4 (7%) 0.0003
No 109 (70%) 46 (30%)
Any Non-Blast Head Injuries Yes 67 (76%) 21 (24%) 0.8362
No 99 (77%) 29 (23%)
Months Since Worst Blast 17.0 (17.3) 18.5 (18.3) 0.5922
Months Since Most Recent 11.1(7.7) 13.2 (9.8) 0.1284
Blast

Participants who sustained blast mTBI with PTA also had higher mean post-concussive
symptom severity on the RPQ compared to those not sustaining mTBI (see Table 3).

Table 3. PCS symptom severity among Blast mTBI groups
Rivermead Questionnaire (RPQ 16item) ; n=216

Worst Blast TBI Mean N std.
Deviation
*mTBI with PTA 31.41 108 12.28
mTBI without PTA 29.07 68 13.02
* Not TBI 24.70 40 13.55

ANOVA between groups F=2.6, p=0.018
*p < 0.05 on post-hoc T-test

There were also significant differences between mTBI grade groups in vestibular (p=0.001) and
cognitive (p=0.013) symptoms on the RPQ factor scores. For vestibular symptoms, In addition
to the mTBI with PTA group being higher than the not mTBI group, post-hoc testing also
showed worse symptoms for the mTBI without PTA group compared to the no TBI group
(p=0.008). Although the mean RPQ total and factor scores were all nominally higher for mTBI
with PTA versus without PTA groups, no difference was statistically significant.
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VIII. C. Supplemental Neuropsychological Testing Data
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Figure 1. Summary information for each of the primary neuropsychological measures. Horizontal bars
within each box represent the median value. The solid and dashed reference lines represent the normative
mean value (Z=0) and the cutoff for classifying a participant as impaired (Z=-1.64 or 5" percentile),
respectively. Entire sample completing neuropsychological testing minus 19 participants excluded who
failed effort testing (TOMM); n=156.
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VIII D. Supplemental Computerized Posturography Data

Independent-5amples Kruskal-Wallis Test
100

| ]

Composite

i

B T T T T

0 1 F 3

+Pairwise differences between Groups 0 and 2 only.
Figure 2: Boxplots of the composite score distributions for Groups 0 (neither diagnosis), 1 (isolated blast

mTBI with PTA), 2 (isolated PTSD) 3 (comorbid mTBI and PTSD). Post-hoc tests show Groups 0 and 3
have significantly different medians.
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Independent-Samples Kruskal-Wallis Test
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Figure 3: Boxplots of Equilibrium Condition 3 for Groups 0, 1, 2 3 (x-axis). Post-hoc tests show Group 0
(neither blast mTBI with PTA nor PTSD) and 1 (blast mTBI with PTA only) have significantly different
medians. Additionally, Groups 0 and 3 have significantly different medians.
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VIII E. Supplemental QEEG analyses data

Blast mTBI was associated with increased power in the lower frequencies. These effects were
seen across the scalp. The below graphs (Figures 4 and 5) show right and midline frontal sites.
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Figure 4. QEEG Power at Right Frontal electrode site across TBI groups
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Figure 5. QEEG Power at Frontal Midline electrode site across TBI groups
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Interaction at Cz -demonstrates how TBI and PTSD have opposing effects at the lower
frequencies. TBI without PTA and no TBI are grouped together here.
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Figure 6. QEEG Power spectrum comparing Blast mTBI and PTSD diagnoses



VIII F. Longitudinal analyses.

Within the entire cohort, none of the symptoms measures improved or worsened during the first
year after baseline assessments; which roughly corresponded to on average from year-one to
year-two after most recent blast exposure (see Table 4). Similarly, functional and perceived
outcomes did not change between 6 months and 12 months after baseline assessments (see

Table 5).

Table 4. Symptom measures over time

Measure Baseline 6-month 12-month p-value

PCL 45.8 46.9 48.0 0.1494
(43.3,48.3) (44.3,49.5) (46.0, 50.0)

CESD 17.8 17.7 18.0 0.9378
(16.4,119.2) (15.8,19.7) (16.0, 20.0)

RPQ 29.5 29.7 29.4 0.9664
(27.7,31.2) (27.5,31.8) (27.4,31.4)

McGill 11.0 11.4 11.8 0.5092
(9.9, 12.0) (10.1, 12.7) (10.4,13.2)

Table 5. Outcome measures over time

Measure Baseline 6-month 12-month p-value

GOSE - 6.4 6.4 0.9560
(6.2,6.7) (6.2, 6.6)

SWLS - 21.0 21.8 0.0804
(19.8,22.1) (20.6, 23.1)

Mayo - 6.3 6.0 0.3939
(5.4,7.2) (5.0, 6.9)

Even though PCS symptom severity (RPQ total) did not change over time within the entire
cohort, our earlier analyses showed that baseline RPQ varied across certain groups. So it was
possible that within groups, RPQ could change over time in opposin